Introduction {#s1}
============

Cannon and Lieb ([@r1]) described gastric adaptive relaxation. Gastric adaptive relaxation results in an increased volume in the gastric fundus. It is thought to be a vagally mediated reflex that occurs postprandially and results in reduction of the smooth muscle tone, providing a larger reservoir for the ingested meal ([@r2]).

In 2008, Boccia et al. ([@r3]) reported that the majority of children with functional dyspepsia were affected by functional constipation associated with delayed gastric emptying and found that normalization of bowel habit may improve gastric emptying as well as dyspeptic symptoms. In addition, van Hoek et al. ([@r4]) found that distension of the rectum influenced postprandial release of gut hormones involved in the regulation of gastrointestinal motility in healthy subjects. These findings strongly suggest the existence of a cologastric relationship. Indeed, Ley et al. ([@r5]) reported that rectal distension inhibits gastric tone in a volume-dependent manner and impairs gastric accommodation in dogs, and suggested that the observed effect may not be mediated by a cholinergic pathway.

Barostat studies have been used for the investigation of gastric functions, such as changes in gastric pressure or adaptive relaxation of the stomach in clinical studies. On the contrary, in basic studies using experimental animals, gastric adaptive relaxation has been evaluated by measuring the changes in intra-gastric pressure by either surgically inserting the pressure transducer into the rat stomach ([@r6],[@r7],[@r8]), by connecting a pressure transducer to the isolated guinea pig stomach ([@r9], [@r10]) or by inserting the gastric balloon into the rat stomach via an incision in the fundus ([@r11]). In our previous report ([@r12]), we improved the method to investigate the gastric adaptive relaxation using a barostat without surgical intervention, because surgical procedures are likely to affect normal gastric physiological function in an *in vivo* study, and also because *in vitro* studies do not necessarily reflect the *in vivo* state.

Thus, in this study we investigated the existence of a cologastric relationship by observing the changes in gastric adaptive relaxation caused by colonic distension using our previously reported method ([@r12]).

Materials and Methods {#s2}
=====================

The following animal studies were performed in accordance with the *Guiding Principles for the Care and Use of Laboratory Animals* approved by Meiji Co. Ltd.

Animals
-------

Male Sprague-Dawley rats (230--280 g) were purchased from SLC (Shizuoka, Japan) and kept for 1 week in a room where the temperature and humidity were kept at 21 ± 2 °C and 55 ± 15%, respectively. The animals were fasted for 18 h before each experiment, being held in mesh cages to prevent coprophagy, with free access to drinking water.

Gastric barostat studies
------------------------

Gastric barostat studies were performed according to our previous report ([@r12]). Rats were anesthetized with urethane (1.2 g/kg, i.p.). In this study, a slightly improved gastric balloon was used. A pair of polyvinyl tubes attached to a polyethylene bag (maximum volume 7 ml; 3 cm maximum diameter) was introduced through the mouth into the stomach as shown in [Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Schematic representation of the experimental set-up. The gastric balloon was introduced through the mouth into the stomach in anesthetized rats without surgery and placed between the fundus and fore-stomach as shown as the shaded oval in the figure.. Five ml of air was injected into the gastric balloon from one of the gastric balloon tubes with the other side gastric balloon tube closed to allow placement of the gastric balloon within the stomach, after which the gastric balloon tubes were immediately opened to the air. After a 5 min recovery period, the tubes of the gastric balloon were connected to the barostat (Barostat Distender IIR, G&J Electronics, Toronto, Canada).

The pressure inside the gastric balloon was increased stepwise from 1 through 2, 4 and 8 mmHg, at 1 min intervals. The volume of the gastric balloon increased sharply with each change in pressure. The gastric balloon volume increased gradually just after the change of pressure and reached a plateau after about 1 min following the change of pressure. The increased volume was defined as gastric adaptive relaxation.

After each barostat study, the position of the balloon was checked by laparotomy. If the position of the balloon was not appropriate, the obtained datum was deleted.

Effect of colonic distension on the gastric adaptive relaxation
---------------------------------------------------------------

The colonic balloon whose volume was 5 ml (Star Medical, Tokyo) was intubated into the colon at a distance of 8 cm from the anus. A 2.2 ml volume of air was blown into the colonic balloon and maintained there for 5 min. After releasing the pressure, the colonic balloon was pulled out. After pulling out the colonic balloon, the rat was immediately anesthetized. Five min later, the gastric balloon was introduced into the stomach and the gastric barostat study performed. In control rats, sham intubation of the colonic balloon was performed.

The final volume of the gastric balloon was measured after each pressure loading and the effect of colonic distension was evaluated.

In the present study, we distended the colon at a distance of 8 cm from the anus. This position was selected because this position influenced gastric emptying by inducing colitis (preliminary study). The volume of 2.2 ml was determined not to cause bleeding from the colonic mucosa.

Time course of the study
------------------------

The conscious rats were held gently by hand and the colonic balloon was introduced into the colon and pulled out after 5 min. Just after colonic distension, the rats were immediately anesthetized by urethane and a gastric balloon introduced 5 min after anesthesia. The Barostat study was started 5 min after gastric balloon intubation. It takes 15 min from the colonic distension until the start of the barostat study.

In this study, we distended the colon in the conscious state, because we expected nervous reflexes would influence gastric accommodation. However, the barostat study could not be done in the conscious state. The rats were anesthetized using urethane just after the colonic distension so that the effect of colonic distension would not fade away.

Data analysis
-------------

All results are presented as the mean ± S.E.M. Statistical analyses were performed by using Stat View, Version 5.0.0.0 (SAS Institute Inc., USA), and *P* values \<0.05 (Two-way repeated measures analysis of variance (ANOVA), Bonferroni post test and Student\'s *t*-test) were considered to be statistically significant.

Results {#s3}
=======

Gastric barostat studies
------------------------

With the increment in gastric balloon pressure, gastric adaptive relaxation increased in a pressure-dependent manner as shown in [Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Effect of gastric balloon pressure on the gastric adaptive relaxation. With increments in gastric balloon pressure, gastric adaptive relaxation increased in a pressure-dependent manner. Symbols represent the mean and standard error of the mean (SEM) of 6 rats..

Effect of colonic distension on the gastric accmmodation
--------------------------------------------------------

In control rats, gastric adaptive relaxation increased in a pressure-dependent manner with the increment in gastric balloon pressure as shown in [Fig. 3](#fig_003){ref-type="fig"}Fig. 3.The effect of the colonic distension on the gastric adaptive relaxation. Symbols represent the mean and standard error of the mean (SEM) of 6 rats. \*; Significant difference from the control group (*P*\<0.05).. On the contrary, in the colonic distended rats, a significant decrease in the volume of gastric adaptive relaxation was observed with a significant difference observed at 8 mmHg, although gastric adaptive relaxation increased also in a pressure-dependent manner ([Fig. 3](#fig_003){ref-type="fig"}).

[Fig. 4](#fig_004){ref-type="fig"}Fig. 4.The effect of the colonic distension on the gastric balloon volume after 8 mmHg loading. Columns represent the mean and standard error of the mean (SEM) of 6 rats. No significant difference was observed between two groups. shows the final volume of the gastric balloon after the 8 mmHg pressure loading. While a lower final volume was observed as a result of colonic distension as compared with control, there was no significant difference observed ([Fig. 4](#fig_004){ref-type="fig"}).

Discussion {#s4}
==========

Functional dyspepsia is the presence of symptoms thought to originate from the gastro-duodenal region, in the absence of organic, systemic, or metabolic disease that could explain the symptoms ([@r13]). In patients with irritable bowel syndrome, postprandial worsening of symptoms is frequently reported ([@r14], [@r15]). The mechanism behind this has largely been attributed to an exaggerated motor response of the colon after a meal as compared with healthy people ([@r16], [@r17]). These findings show the existence of a gastrocolonic reflex.

On the other hand, Boccia et al. ([@r3]) reported that the majority of children with functional dyspepsia were affected by functional constipation associated with delayed gastric emptying, and that normalization of their bowel habits improved gastric emptying as well as the dyspeptic symptoms. Martínez et al. ([@r18]) reported that distension of the proximal colon significantly inhibited gastric emptying by 82% and 34% as measured 30 and 60 min after the distension, respectively, in Wistar Kyoto rats as compared with control rats. These findings strongly show that the colonic distension delays gastric emptying and suggest the existence of cologastric relationship.

Sanaka et al. ([@r19]) reported that the delay of gastric emptying may be related to the gastric adaptive relaxation observed during proton pump inhibitor therapy, suggesting that the enhancement of gastric adaptive relaxation induces the delay of gastric emptying. Although there are many reports showing the correlation between the colonic distension and gastric emptying, Ley et al. ([@r5]) reported a correlation between rectal distension and gastric accommodation in dogs. Thus in the present study, we aimed to clarify the correlation between colonic distension and gastric accommodation using barostat studies in rats.

In this study we have used our method to investigate the gastric adaptive relaxation using a modified gastric balloon introduced via the mouth without surgical intervention. In this way there should be minimal effect on gastric physiological function although under anesthesia. We observed gastric adaptive relaxation with each pressure increment as shown in [Fig. 3](#fig_003){ref-type="fig"}. This finding is in accordance with our previous report ([@r12]). With colonic distension, a significantly reduced gastric adaptive relaxation was observed by increasing the gastric balloon pressure. In addition, the final volume of the gastric balloon at 8 mmHg showed a lower value as compared with control rats, although no significant difference was observed. These findings show that the colonic distension inhibits the gastric adaptive relaxation in our experimental condition.

On the mechanism of gastric adaptive relaxation, nitric oxide (NO) plays an important role as reported by many investigators ([@r20],[@r21],[@r22]). We also reported ([@r12]) that NO is involved in the gastric adaptive relaxation using *N^ω^*-Nitro-L-arginine methyl ester (L-NAME) which inhibits NO synthase non-selectively ([@r23]) and capsaicin, which releases NO and calcitonin gene-related peptide ([@r24]). Güal et al. ([@r25]) found that sex steroids have a modulatory role on the feedback control of gastric motility induced by noxious colonic distension. Gué et al. ([@r26]) reported that fedotozine, a proton pump inhibitor (PPI), acts through kappa receptors to block the colonic distension-induced delay on gastric motility and emptying, and found that the cologastric reflex involves nicotinic ganglionic receptors but not adrenergic pathway and 5-hydroxytryptamine 3 (5-HT~3~) receptors. Sanaka et al. ([@r19]) found a delayed gastric emptying using the same PPI, and suggested that this delay may be caused by the enhancement of gastric adaptive relaxation, although no mechanism was clarified. In this study we have observed an inhibition of gastric adaptive relaxation as a result of colonic distension. If colonic distension induced inhibition of gastric emptying as observed in many reports, the enhancement of gastric adaptive relaxation would have been expected in the present study, but this did not occur under our experimental condition. In the present study, the distension position was in the middle of the colon. The middle colon appears to be innervated by the pelvic nerve. Therefore, the present cologastric relationship may be induced by hormonal effects, because the barostat study was performed 15 min after the colonic distension. With regard to these points, further studies would be needed to clarify the correlation between gastric emptying, gastric adaptive relaxation and colonic distension, and the mechanisms involved.

In conclusion, the results obtained in the present study show that colonic distension inhibits gastric adaptive relaxation through a cologastric relationship.
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